Purpose Modular acetabular reconstructive cups have been introduced in an attempt to offer initial rigid fixation by iliac lag screws and ischial pegs, to support bone grafts with a flanged metal socket, and to restore original hip center in acetabular revision. The purpose of this study was to clarify minimum ten year follow-up results of this cup system with morsellised allografts in revision cases. Methods We retrospectively investigated 54 acetabular revisions at a mean of 11 years (range, ten to 14 years). The indications were Paprosky's type 2B (eight hip), 2C (eight hips), 3A (23 hips), 3B (nine hips), and 4 (six hips). Results Using aseptic loosening as the endpoints, the survival rate was 89.3 % (95 % CI 81-98). Radiographically, one type 3A hip, three type 3B hips and one type 4 hip showed aseptic loosening while no type 2 hips or no cemented cups showed loosening. Conclusions The modular reconstructive cups for acetabular revision showed bone stock restoration and stable implantation.
Introduction
Acetabular bone deficiency due to osteolysis, infection, and/or aseptic loosening is a major problem in revision total hip arthroplasty (THA) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Favourable long-term results of treatment for cases with Paprosky type 3A, 3B, and pelvic discontinuity is desirable [15] . In order to treat the massive acetabular bone deficiency, bone and bone substitutes including morsellised allografts [1-5, 8, 12, 13] , massive allografts [4, 9] and hydroxyapatite granules [6, 7, 10, 11] , have been grafted in revision THA. As for morsellised allografts, favourable mid-term or long-term results using cemented polyethylene components have been reported [2, 8] .
Although modular acetabular implants have been introduced to overcome various bone deficiency, their results with morsellised allografts for revision cases were not so good, i.e. the survival of 43 % at 15 years in 21 hips [3] and 64.5 % at five years in 62 hips [16] . One of the reasons for poor results is mechanical failure [17] such as screw breakage [3] and hook and side plate breakage [16] of the uncemented non-porous metal-backed prosthesis with augmentation. On the other hand, an improved modular acetabular cup system including porous metal components [18] and components composed of a flanged metal socket, an iliac lag screw, and an ischial peg [7] has been reported; the latter modular acetabular reconstructive cup with hydroxyapatite granules grafting showed the survival of 74.2 % at 11 years with aseptic loosening as the endpoint [7] . There was no implant breakage. Thus, modular acetabular implants, if they had no mechanical failure, showed good mid-term results.
The long-term outcome of the modular acetabular implant and morsellised allografts in revision THA has not been well documented. The hypothesis of this study is that modular acetabular implants and morsellised allografts show good long-term survival, bone stock restoration, and stable implantation if they had no mechanical failure.
The purpose of the present study is to clarify retrospectively the clinical and radiographic results of modular reconstructive cups and morsellised allografts at a minimum ten-year follow-up.
Patients and methods
Between July 1998 and January 2003, modular acetabular reconstructive cups and morsellised allografts were used in 58 hips of 52 patients for revision THA. Within five years after the index revision surgery, four patients (four hips) were diseased. Therefore 54 hips of 48 patients were investigated retrospectively. There were 43 women and five men. The mean age of the patients at the time of the acetabular revision surgery was 67 years (range, 49-81 years). The mean height was 149 cm (range, 135-171 cm), and the mean weight was 51.8 kg (range, 35-70 kg). The mean body mass index (BMI) was 23.2 (range, 15.6-32.6). The mean follow-up was 11 years (range, ten to 14 years). The reason for the revision THA was aseptic loosening of THA in 48 hips, aseptic loosening of bipolar endprostheses in five hips, and infection after THA in one hip. The cumulative number of operations prior to the index acetabular revision surgery was one in 33 hips, two in 16 hips, three in three hips, and four in two hips.
The classification system of Paprosky et al. [15] was used in order to evaluate the severity of the acetabular bone deficiency. Eight hips had a type 2B acetabulum (>2 cm superior migration), eight hips had type a 2C (medial wall defect), 23 hips had a type 3A (30-60 % rim defect), nine hips had a type 3B (>60 % rim defect), and six hips had a type 4 (pelvic discontinuity). Thus, the patients in the present study showed moderate to severe bone deficiency.
The modular reconstructive cup (ModuRec system, Zimmer, Warsaw, IN; Fig. 1 ) was composed of a flanged metal socket, an iliac lag screw, and an ischial peg. This system was intended to acquire ideal hip center and to restore bone stock in revision THA cases with several acetabular bone deficiency. We generally used this system not for primary cases, but for revision cases or some acetabular bone tumour cases with severe bone deficiency. It was made of titanium alloy (Ti-6Al-4 V) and the surface finish of the flanged socket was corundum-blasted. The flanged socket was 48, 52, 54, 56, or 60 mm in the external diameter. An iliac lag screw with a diameter of 20 mm, and an ischial peg were used to acquire the initial stability against rotational force. The iliac lag screw was 50, 55, 60, 65, 70, 75, or 80 mm in length. The ischial peg came in two types. Modular, gamma-sterilized, conventional ultra-high-molecularweight polyethylene (UHMWPE) inserts were available with an internal diameter of 22, 26, 28 or 32 mm and either with a neutral liner (five hips) or an elevated liner (49 hips).
The surgical technique is as follows: using a posterolateral approach to the hip, the loose components and fibrous tissues were removed to expose the host bone. The iliac lag screw was inserted through the posterior column of the iliac bone beside the sciatic notch; this bony region is usually intact even in severe acetabular deficiency, except pelvic discontinuity cases. For pelvic discontinuity cases, we added a fixation of the posterior column with reconstruction plates. A guide wire was passed into the posterior column of the iliac bone using a jig. An iliac lag screw of appropriate length was inserted beneath the iliosacral joint. Morsellised allografts of 7-10 mm in diameter, which were harvested under sterile conditions and additionally sterilized using Lobator sd-2 (Ai-medic Co, Ltd, Marburg, Germany), were prepared with a milling apparatus. In order to densely pack the entire bone defect area, morsellised allografts were impacted using a trial cup. A space was left for the cup, and impaction with the trial cup was performed to compress the allografts. After morsellised allografts packing, a flanged metal socket was connected with the lag screw through the sleeve and impacted. The modular cup was then located in the original hip centre level as high as possible. An ischial peg was inserted and fixed through the window of the flanged metal socket. The flanged metal socket has eight holes, through which additional bone and/or further morsellised allografts can be grafted into any remaining bone defect of the acetabulum and screws can be fixed. Of the 54 grafts, 31 components were fixed without cement, while 23 components were fixed with cement. We used cement at the interface between the flanged metal socket and morsellised allograft layer in case of small contact area between the flanged metal socket and the host bone.
On the femoral side, 32 hips had no femoral revision at the index acetabular revision THA, while the other 22 hips had femoral revision; 18 hips were revised using cementless stems and four hips were revised using cemented stems. Concerning the femoral head, 32-mm cobalt-chrome modular heads were used in seven hips, 28-mm cobaltchrome modular heads were used in 16 hips, 28 mm alumina modular heads (Biolox, CeramTec, Plochingen, Germany) were used in 20 hips, 26-mm cobalt-chrome modular heads were used in eight hips, and 22-mm stainless heads were used in three hips.
The clinical and radiographic data were evaluated by two independent authors (TS and NS) with no prior knowledge of the results. Kaplan-Meier survival analysis was performed with two end-points: radiologic aseptic loosening and re-operation for any reason including loosening. The 95 % confidence interval (95 % CI) was also calculated. The clinical results were evaluated pre-operatively and at the latest follow-up using the Harris hip score (HHS) [19] . Anteroposterior and oblique radiographs were taken pre-operatively and at each follow-up. On the anteroposterior radiographs taken just after surgery, the location of the hip centre was evaluated as the vertical distance from the teardrop line [20] and the horizontal distance from the vertical line through the ipsilateral teardrop. We measured the angle of the iliac lag screw in order to evaluate the cup positioning (Fig. 2) . Because the modular cup had a unique shape, we defined five zones and measured the presence of radiolucent lines in each zone as follows: Zone 1, the weight bearing zone; Zone 2, around the sleeve; Zone 3, around the iliac lag screw; Zone 4, the medial wall; and Zone 5, around the ischial peg (Fig. 2) . We also checked the consolidation of morsellised allograft and the interface between the bone and allograft layer on the anteroposterior plain radiographs [6] . Migration of the component, both horizontally and vertically, was measured according to the method of Nunn et al. [21] . Acetabular loosening was established if the sum of acetabular migration in the horizontal and vertical planes was >5 mm [22] , if the change in the acetabular component was >5°, or if there was a progressive radiolucent line >1 mm in all zones, as described by DeLee and Charnley [23] .
Statistical analysis
With an anticipated effect size of 0.8 and a statistical power of 0.8, we estimated our minimum sample size required was 54 hips, which was consistent with the patients number in the present study. We evaluated post hoc power according to the method by Hoenig and Heisey [24] . Comparison between the radiographically defined loosening hips and hips without loosening was carried out using the Mann-Whitney U test, the chi-square test or Fisher's exact probability test. All calculations were performed using SPSS software for Microsoft Windows ver 21.0 (IBM, Armonk NY). A p-value <0.05 was considered significant.
Results
Kaplan-Meier survival analysis with radiologic and aseptic loosening as the endpoint showed a 89.3 % probability (95 % CI 81-98). That with re-operations for any reason as the endpoint, including three cases of cup loosening and two femoral fractures without cup loosening, showed an 86.7 % probability (95 % CI 71-98) of retaining the modular cup at a mean of ten years postoperatively. The mean pain HHS improved from 19.6 (range, 0-35) to 36.0 points (range, 10-40), and the mean total HHS improved from 49.2 (range, 26-78) to 78.9 points (range, 41-97) at the latest follow-up. There was no breakage of the flanged cup or iliac Fig. 1 The modular reconstructive cup (ModuRec system, Zimmer, Warsaw, IN). Flanged metal socket with sleeve for an iliac lag screw as well as an iliac lag screw and ischial peg Fig. 2 Radiological zones and angle of the iliac lag screw. Five zones were defined. Zone 1, the weight bearing zone; Zone 2, around the sleeve; Zone 3, around the iliac lag screw; Zone 4, the medial wall; and Zone 5, around the ischial peg. The iliac lag screw angle was defined as the angle composed of the perpendicular line and the lag screw line lag screw. Although there were no infections, there were three dislocations and three femoral fractures.
Concerning the location of the hip centre, the vertical distance from the inter-teardrop line was 25.2±9.2 mm (range, 7.5-49.8 mm) while the horizontal distance from the ipsilateral teardrop was 33.2±4.9 mm (range, 22.0-46.7 mm). The mean angle of the iliac lag screw was 27.1°(range, 8-40°). A radiolucent line around the modular cup was seen in ten hips for Zone 1, ten hips for Zone 2, 12 hips for Zone 3, ten hips for Zone 4, and four hips for Zone 5. Consolidation of the allograft layer was detected in 45 hips (83 %, Fig. 3 ). Radiolucent lines between the allograft layer and the host bone were detected in three hips (5.6 %).
A total of 49 hips showed no aseptic loosening radiographically (Fig. 3) while five hips showed aseptic loosening and progressive migration with collapse of the allograft layer at the weight bearing area. Loosening was detected in four out of 31 hips without cement and one out of 23 hips with cement. In Paprosky's classification, one out of 23 type 3A hips, three out of nine type 3B hips, and one out of six type 4 hips showed radiologic loosening, while none of 16 type 2 hips showed loosening. Three loosening hips underwent additional revision at 36 months, 82 months, and 96 months postoperatively respectively, using new modular reconstructive cups with a metal plate and/or fibular graft for the rim defect. At the additional revision surgery, all three hips were evaluated as Paprosky type 3B and morsellised allografts did not show binding directly onto the surface of the loosened cup. However, the interface between the host bone and morsellised allografts showed rigid fixation, and morsellised allografts themselves showed partial incorporation. Between the hips that loosened and those that did not, there were significant differences in the horizontal distance of the head center from the vertical line through the ipsilateral teardrop (p = 0.005) and consolidation of morsellised allograft (p =0.002) ( Table 1) .
Discussion
The aim of this study was to clarify the clinical and radiographic results of modular reconstructive cups and morsellised allografts at a minimum ten-year follow-up. Our hypothesis was that the system provides adequate bone stock restoration and stable implantation.
We found that the modular reconstructive cups for revision hips, including Paprosky types 2, 3, and 4, showed bone stock restoration and stable implantation. Morsellised allograft with modular reconstructive cups demonstrated comparable clinical and radiographic results, i.e., 89.3 % survival with loosening as the endpoint, to other acetabular revisions at a minimum ten-year follow-up [8] . The longevity of morsellised allograft with a modular cup depends on the bone deficiency of the acetabulum as the previous report [12] . There was no breakage of the iliac lag screw or ischial peg of the modular cup at a minimum ten year follow-up in the present study since the diameter of the screw was larger than another modular acetabular cup system [3, 16] .
The position of the hip centre could be maintained using the modular acetabular cups with morselised allografts compared with the position of the hip centre in general primary THA cases [24] . The vertical distance from the inter-teardrop line and the horizontal distance from the ipsilateral teardrop was 25.2±9.2 mm and 33.2±4.9 mm in the present study, and 23.3±5.9 mm and 29.7±5.9 mm in general primary THA cases, respectively [25] . However, hips with longer horizontal distance (mean 39.8±4.1 mm) significantly showed aseptic loosening ( Table 1) .
The size of the morsellised allograft or the shape of the allograft including the block may influence the longevity of the allograft layer and the acetabular components. Morsellised allograft with 7-10 mm in diameter were used in the present study and the same size morsellised allograft have shown survival of 75 % at 20 years in 58 hips with the endpoint as revision for any reason using cemented cup [8] . Block or larger morsellised allograft may be more useful bone defect fillers. In the use of allograft, Kawanabe et al. [4] have reported that a monoblock had better results than a morsellised graft. Okano et al. [5] have also claimed that a structural allograft should be considered in the weight-bearing area of the support ring in addition to the morsellised bone graft.
Morsellised allograft did not show binding directly onto the corundum-blasted surface of the loosened modular cup components when re-operation was performed. Acetabular biopsy specimens have also shown that fibrous tissues existed at the interface between the implants and the morsellised bone graft [26] . Although there were no significant differences in radiologic loosening between hips with and without cement in the present study, aseptic loosening was detected in four out of 31 hips without cement and in one out of 23 hips with cement. Cemented revision with morsellised allograft may be better in order to bind morsellised allografts onto the cup surface [8, 27] .
There were some limitations to the present study. First, it was a small number of hips with minimum follow-up of ten years, as in many other acetabular revision studies [3, 8] . However, power analysis confirmed that number of hips fulfilled the minimum sample size, and this modular reconstructive cup showed a good longevity over ten years. Second, the Asian patients were very light in terms of weight (mean 51.8 kg, range 35-70 kg) and may not translate to a typical Western population. Although the mean BMI was 23.2 and maximum BMI was 32.6, further study of this modular cup for heavy patients is needed.
In conclusion, the modular reconstructive cup and morsellised allograft for acetabular revision, including Paprosky types 2, 3, and 4, showed bone stock restoration and stable implantation at a minimum ten-year follow-up. For pelvic discontinuity (Paprosky type 4) cases, we added reconstruction acetabular rim by fixation of the posterior column with reconstruction plates. 
